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This report constitutes the final report for the allotment grant

#A 006 OHIO. This project was attempted as a seed project to start a

larger program concerning microbial ecology and pollution. The

investigators associated with this grant have used it as a base upon

which to build a more complex program. We have generated a sincere

interest in the area of ecology and pollution with a large number of

students and technicians as well as solidifying our own positions. At

this time we have had four masters degrees and one Ph.D. degree awarded,

all of which received partial or total support from this grant. There

will be several other degrees awarded in the near future which can be

attributed to this effort as well (see list of thesis attached).

There have been five scientific presentations at national or

regional meetings of interested people. (See list of presentations).

We have submitted several abstracts for future meetings during 1971 at

this time.

There have been four completed and accepted publications and we have

submitted two more to the Journal of Bacteriology for review. These

two papers have been included as part of this final report and are

herewith attached to it. The titles of the papers as yet unaccepted

are: "Influence of Aldrin and Varied Oxygen Concentrations on a Lake

Erie Heterotrophic Bacterium: Growth Characteristics and Biosynthetic

Patterns," and "Influence of Aldrin and Varied Oxygen Concentrations

on a Lake Erie Heterotrophic Bacterium: Electron Microscope Examination"

During these studies we have attempted to examine and experiment

with particulate suspended colloidal material in the water column of

Lake Erie on a physical* chemical and biological basis. We have

characterized various inorganic and detrital fractions using

differential and gradient centrifugation in conjunction with electron

microscopy. Various fractions of particulate material have been

experimented with as to their ability to influence biological activity.

Data from our studies have shown that participates from Lake Erie are

comprised of substances having a variety of densities and sizes and

that fractions can ^ e separated which exert an influence on the growth

and metabolism of microorganisms isolated from Lake Erie. Specific

-nicroparticulates in a lake such as Lake Erie will alter the micro-

ecology and have substantial effect on the macroecology. We have

shown that microparticulates suspended in water can be collected by

continuous centrifugation and examined before and after separation

using a sucrose gradient. These fractions have associated with them

pesticides of various types, perhaps in a selective way. The usefulness

of the standard methods of water analysis for these pesticide compounds

was seriously questioned.

Examination of the particulate fractions in Lake Erie has revealed

that the most common size particle was in the range of 0.1 vim.

Chlorinated hydrocarbon pesticides such as endrin, aldrin, heptachlor

and lindane were found in association with these particles and data

suggests that aldrin and heptachlor were found more frequently on the

smaller, less dense particles while lindane was associated with the

larger, more dense particulates. Our results have demonstrated that

different bacteria in the presence of these compounds could be affected

in different -ways. The significance of the involvement of such

pesticides in the microecology is very great since we know now that

rnicrobial cell yields, DM, RNA., and protein patterns of synthesis

can be affected. One survey conducted during these studies showed that

of 151 heterotrophic aerobic bacteria isolated from Lake Erie, 55 were

stimulated by aldrin, 5^ by endrin, and k$ by dieldrin. Forty six

cultures were inhibited by aldrin, U3 by endrin and U3 by dieldrin.

Bacteria grown in a concentration of 1.6 mg of dissolved oxygen

per liter or in the presence of the chlorinated hydrocarbon pesticide

aldrin exhibited a greater cell yield and shorter generation time than

cells grown in a medium free of pesticides under control conditions.

Che cell size, synthetic patterns of D?iA, RNA and protein were altered

as compared to a control. Increased amounts of poly-beta-hydroxybutyrlc

acid were observed in the stationary phases of growth of bacteria grown

in the presence of lowered amounts of oxygen or aldrin. The treated

bacteria contained cell wall imperfections termed MporesM and extensive

intracytoplasmic membrane systems. All these facts strongly suggest

that the presence of chlorinated hydrocarbons in the environment are

seriously altering the microbial metabolism in the water ani in turn

affecting higher life foims in ways we do not yet understand.

Results from experiments on removal of aldrin from lake water using

flocculent bacteria were very successful. Floe forming bacteria isolated

from Lake Erie adsorbed and concentrated aldrin from a colloidal

dispersion so that the settling of the bacterial floes removed the

chemical from the water phase. Contemporary sediments forming in the

lake contain aldrin and could absorb more. These facts will be useful

in learning about possible methods of lake purification.
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PART A

INFLUENCE OF ALDRIN AND VARIED OXYGEN

CONCENTRATIONS ON A LAKE ERIE HETEROTROHHC BACTERIUM:

ELECTRON MICROSCOPIC EXAMINATION

R. S. KENNEDY AND R. M. PPISTER

UNIVERSITY OP GEORGIA AND THE OHIO STATE UNIVERSITY

Abstract

Cells grown in a concentration of 1.6 mg dissolved oxygen per

liter or in the presence of the chlorinated hydrocarbon pesticide,

hexachloro-hexahydro-endo-exo-dimethano-napthalene (aldrin) exhibited

a more rugose cell wall, more polyphosphate as seen with the electron

microscope, and more poly-beta hydroxybutyrate than was observed in

control cultures. The pesticide treated cells also contained cell wall

imperfections termed "pores". C e U wall "blebs" were more prominent in

same phases of growth than in others and the phase of occurrence changed

with the cultural conditions. All of the treated cells contained a more

extensive intracytoplasmic membrane system than the control cells.

Introduction

In a previous communication we reported that the growth response

and synthetic capacity of a Pseudomas £$p was altered in the presence of

the chlorinated hydrocarbon pesticide aldrin (10). In addition the

cells were shown to store larger quantities of poly-beta-hydroxybutyric

acid (HIB) either in the compound's presence or as oxygen became more

limiting.

Fne purpose of this paper is to describe the cytologic alterations

which the bacteria exhibited in the presence of this pesticide.

OJiere have been numerous investigations on the biochemistry,

physiology, and morphology of aquatic microorganisms in recent years.

Few studies involved the use of the techniques of electron microscopy

especially with bacterial foims such as the Pseuiomonads. This is

significant since these forms of heterotrophic bacteria are one of the

principal types found in the aquatic environment. While some strains of

marine pseudomonads have been studied with the electron microscope

(7, 1, 3, lU, 2, 20, 21) the effect of different environmental conditions

on marine pseudomonad fine structure has been reported sparingly (5, 21).

Alterations in the cell membrane and cell wall have been studied

in aquatic organisms when cultured under a variety of environmental

conditions (5, 18, 8). The rugose appearance of the cell wall and cell

wall "blebs" in gram negative bacteria appear constitutive in some organisms

and inducible in others. These sturctures do not seem to be genera

specific (6,  U , 18, 20, 12, 19).

Intracytoplasmic membrane formations have been induced under

several altered environmental conditions, e.g., lowered oxygen

concentrations, complexity of culture medium, and temperature

(k, 11, 17, 22, 21).

The purpose of this paper is to present results concerning the

effect of the chlorinated hydrocarbon aldrin and varying dissolved

oxygen concentrations on an aquatic (fresh water) pseudomonad.

Materials and Methods

Organism. The organism used in this study was a Pseudomonas sp.

isolated frcm the western basin of Lake Erie. The growth characteristics

and conditions have been described in another paper (10). The culture

vessel was a "Fermentation Design" 5 liter fementor equipped to monitor

and control agitation, oxygen level, temperature, and pH. Three liters

of a medium (AGS) consisting of (per liter distilled HpO): arginine HC1,

0.5 g; glucose, 5.0 g; MgSO^ • THgO, 0.2 g; K^HPO^, 2.0 g; and KHgPO^,

1.0 g, were placed into the fermentor vessel and sterilized. A 3.0

percent inoculum final concentration in the fermentor was employed

after the sterile unit had cooled to 20 C and represents the lag phase

samples taken during the experiment. Where aldrin was used 1.95 mg of

the pure compound were added directly to the sterile fermentor vessel

while it was still hot. The initial oxygen concentration was set to

8.9 aag D.0. per liter using the control device. When reduced amounts of

0^ were desired the control unit was reset immediately after inoculation

and the respiration of the growing bacteria reduced the 0p levsl to either

1.6 or 0.8 mg D. 0. per liter.

The optical density of the culture fluid was monitored and

recorded continuously and was used as a guide to determine when

samples should be taken for electron microscopy (10). Samples were

removed during the lag, early log, mid log, late log, and stationary

phases of the growth cycle and frozen in liquid No prior to subsequent

fixation and embedding.

Electron Microscopy. Cell samples were removed and fixed for

1 hour in 3 percent glut&raldehyde adjusted to pH 7.2 with 0.1 M sodium

cacodylate and 0.1M HC1. The fixed cells were washed 5 times in fresh

cacodylate buffer (pH 7.2) and post-fixed in 1 percent osmium tetroxide

according to the method of Kelleriberger, Ryter, and Sechaud (9). The

fixed material was dehydrated and embedded in Epon 812 according to

Luft (13).

Silver-gray sections were cut with glass or diamond knives on a

Reichert 0MU2 or LKB Ultratome III ultra microtome. The sections were

collected on uncoated 300 mesh copper grids and stained 5-20 minutes in

lead citrate (l6).

Freeze etching. The cells were frozen-etched by placing a thick

suspension on a gold specimen cap, freezing in Freon-22, and then

transferring the sample to liquid nitrogen. The frozen specimen was

transferred to a Balzers Freeze-etching unit, evaluated and fractured.

The specimens were etched 1.5-2.0 min at -100 C, shadowed with platinum,

and carbon coated. The replica was floated free in distilled water,

cleaned in 70 percent sulfuric acid (30 min), rinsed in distilled water,

placed in chlorox (1 hr), and followed by several rinses in distilled

water prior to placement on a 300-mesh uncoated copper grid. The

specimens were examined in an Hitachi HS-8 or Zeiss EM 95

electron microscope at 50 or 60 Kv accelerating voltages respectively.

Results

Cytological Observations, Cells in the control culture exposed to

8.9 :ng D.O. per liter in the lag phase of growth (Pig. 1) were

characterized by a few polyphosphate (PP) granules and a few electron

transparent granules presumed to be poly-beta-hydroxybutyrate (EHB) (10).

The deoxyribonucleic acid (DNA.) found in these cells (N) was distributed

throughout the central portion of the cell. Several cell wall "blebs"

(b) were detected during this phase and can be seen in these sections.

Ultra thin sections of cells grown in the control culture and

harvested during the early log phase of growth (Fig, 2) showed a decrease

in the PUB content. The nuclear material (N), distributed throughout the

central portion of the cell, cell wall "blebs", and "blebs" free in the

medium were observed during this phase of growth. The cell wall (W) was

the typical multi-layered structure seen in Gram negative microorganisms

and did contain occasional mesosomes (M) or a limited internal membrane

system. Polyphosphate granules observed in the lag phase were not

observed in the early log phase of growth.

Control cells harvested during the mid log phase (Fig. 3), had a

slightly rugose cell wall (W) containing few evaginations or ffblebsft

(b) (Fig. k).

The late log phase of growth (Fig. 5) of the control culture is

characterized by more abundant internal membrane (M) formation within

the cells and a slightly rugose cel*l wall

HEB or polyphosphate granules were not seen to any extenft during

the stationary phase of growth (Pig. 6). Internal membranes (M) were

observed in these cells (Fig. 7) and the cell wall (W) appeared normal

or slightly rugose. The periphery of the cytoplasm was filled with

ribosomal (R) material and occasional cell wall "blebs" (b) were observed.

Bacteria harvested and sectioned during the lag phase of growth

exposure to O.65 mg aldrin per liter and 8.9 mg D. 0. per liter were

structurally the same as the control cells. This was also true for

cells removed from the lag phase of growth when they were cultured under

1.6 mg D. 0. per liter and 0.8 mg D. 0. per liter. For this reason,

electron micrographs of this phase exposed to these different environmental

conditions have not been included.

Thin sections of cells cultured in the presence of O.65 mg

aldrin per liter and removed from the fermentor during the early log phase

of growth (Fig. 8) showed no more external vesicular organelles or cell

wall "blebs" than did previous control specimens. The nuclear material

(N) of these cells was abundant and concentrated in the central portion

of the cells. Numerous large mesosomes (M) were observed in the cells

and the cell wn.11 (w) appeared as a rugose surface.

Cells cultured under O.65 mg aldrin per liter and harvested in

the mid log phase of growth (Fig. 9) showed an even distribution of

nuclear material (N) within the cells. Cell wall Trblebs" (b) were

observed on the surface of the bacteria as well as free in the surrounding

space adjacent to the cells. The cell wall (w) appeared to be more

rugose when compared to cells taken from the same time period of the

control culture. Numerous pores (p), in the cell wall were observed

at this stage of the groirth cycle. These pores were distributed over

the surface of the bacteria in a reasonably uniform manner- The arrows

in Figure 9 point to a number of these openings in the wall and careful

examination of the rest of the cell will show even more of these

structures. An enlargement of these pores (p) (Fig, 10) reveals that

they appear as complete separations in the lipopolysaccharide-protein

outer envelop. The intact cytoplasmic membrane (CM) and peptidoglycan

(MU) layer can be seen underneath the pores (p) which appear as an

opening of about 2-k nm.

Bacteria harvested from the late log phase of growth of cultures

grown in the presence of aldrin (fig. 11) showed an increase in presence

of cell wall "blebs" (b) and had a more complex internal membrane

system ( M ) . The cell wall pores (p) observed during the mid log phase

of growth were also present in these specimens.

During the stationary growth phase of cells grown in the presence

of aldrin, many 1KB granules (Figures 12, 13) were observed. The

presence of HIB in these bacteria had been shown chemically in another

paper (10), Granules were not readily observed in the stationary phase

of the control culture. The cell walls (w) of nearly an cells examined

were veiy rugose and the internal membranes (M) of the cells (Figures 12,

13) appeared more extensive. Cell wall tfblebs?r (b) were observed in all

the thin section preparations. A freeze-etching preparation was examined

(Figure ik) and found to possess a rough surface structure (RS) along

the outer wall (0W).

Cells harvested during the early log phase of growth (Fig. 15) in

cultures which had been prepared and grown under a reduced concentration

of oxygen (1.6 mg D. 0. per liter) contained some mesosomes (M) or

internal membranes and a limited number of cell wall "blebs" (b). The

c e U wall and cytoplasmic membrane(CM) of the organisms grown under

these conditions were fairly uniform and no unusual features were noted.

Cells harvested during the mid log phase of growth (Fig. 16) in

cultures that had been grown under 1.6 mg D. 0. per liter were found to

contain wall "blebs" (b) which became more prominent during this time

period than during the early log phase of growth. A few IHB granules

were observed but were not a characteristic feature during this phase of

growth and the cell wall of some of the organisms was rugose in appearance.

The cytoplasmic membrane (CM), cell wall (CW), and ribosomes are clearly

evident in this specimen.

Cells taken from the late log and stationary phases of growth of

cultures grown under 1.6 mg D. 0# per liter revealed many PHB granules

and numerous polyphosphate (PP) inclusion bodies (figures 17, 18).

Figure 17 shows a freeze-etch preparation of one of the stationary phase

cells revealing numerous HD3 granules in the cytoplasm (CC). The

stretching of the elastic-like Hffi polymer can be seen in a number of

the internal granules. Biin sections of these bacteria (Figure 18) reveal

numerous HIB bodies in the cytoplasm, polyphosphate granules (PP), a

noimal cytoplasmic membrane (CM), and slightly rugose cell wall (w). Many

of the organisms were shown to contain a more complex inner membrane

system (IM) (Fig. 19). A summary of-the results found during the study

is shown in Table 1.
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Discussion

A number of ultrastructural differences in the bacteria grown in

the presence of aldrin or reduced amounts of dissolved oxygen were

apparent during these studies • The cells were found to have an increased

occurrence of "blebs" located on the outer surface of the cell wall.

These "blebs" are believed to originate in the wall itself and appear to

be released into the surrounding medium. Close examination of these

"blebs" (Pig. k) suggests that they are a bilayered structure resulting

from a pinching off of the outer envelope.

The function of the cell wall "blebs" is not known but they have

been observed in other organisms (21, 12). The "blebs" might have been

formed to increase the surface area of the bacteria in order to enable

a more efficient transfer of nutrients and/or waste products.

The rugose appearance of the cell wall observed in the pesticide

treated cells may be the result of the pesticide interfering with the

synthesis of cell wall or it may be that lipid-soluble pesticides are

altering the structure of the wall. The alteration could be due to the

interference of hydrocarbons in energy yielding or producing processes

with the rugose appearing wall occurring as secondary result. The fact

that the metabolism of these bacteria was altered and that they have been

shown to store HOB under conditions of either low oxygen or the presence

of pesticide (10) suggests that these chemicals are interfering with some

basic components of the cell's living system.

The pores observed in bacteria treated with aldrin are interesting

especially with respect to the permeability of the cells to either

nutrients or the pesticides themselves. These holes in the lipopoly­

saccharide-protein wall may be the result of a lesion caused by the

release of the cell wall "blebs" into the" surrounding medium. In other

words, the cell wall itself appears to be in an increased dynamic state

when in contact with the hydrocarbon aldrin. The pores may be sites where

the interaction of lipophilic pesticides and lipid containing wall occurs.

The results (Figure 9) suggest that the pores are rather evenly spaced

and may represent sites where the pesticide, which is not soluble in the

medium and acts as a particle, has interacted with the wall and caused

local damage. This concept seems difficult to accept because it implies

that the wall has sustained damage and could have negative effects on

the growth of the organisms. This does not appear to be true and in this

case the growth of the culture was markedly stimulated (10).

There does appear to be an increase in the content of internal

membranes in cells which have been grown in lowered amounts of oxygen

or in the presence of pesticides. The increased membrane content may

increase the efficiency of utilization of available oxygen, assuming the

membrane is the site of respiratory enzyme activity- An inhibitation or

feedback mechanism in the regulation of membrane foimation by the lowered

available dissolved oxygen concentration might result in the increased

membrane content.
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A strong interrelationship is suggested between chlorinated

pesticide presence and dissolved oxygen concentrations. The effects

of reducing the oxygen concentration or adding pesticide to the

culture medium axe remarkably similar- There are seme differences

in synthetic capacities of the bacteria (10), but the total effect

of these alterations on the cytology of the cells is similar. We have

concluded that there is evidence that the chlorinated hydrocarbon

pesticides do interfere with metabolic processes in bacteria in some

way and that this involvement is reflected in a manner similar to the

response of these bacteria to reduced concentrations of available

oxygen.

The culture used during this study was recently isolated from

Lake Erie and the pesticide aldrin is also known to exist in this body

of water- Since many of the heterotrophic bacteria in Lake Erie are

known to respond in some way to these compounds (15), it is assumed

that similar metabolic effects will be observed in the Lake. The

increase in growth of these bacteria in the presence of such recalcitrant

molecules is important in the total carbon balance of a body of water

and aids in speeding the eutrophication process in Lake Erie.

Table 1 U3trastructural differences observed in cells grown under different environmental

conditions

Phase of Growth

Culture

Condition Lag Phase Early Log Mid Log Late Log

Control	 Poly PO. No poly PO.Few Mblebs" Few "blebs11

Some PHB No PHB IM

0.65 mg Aldrin/liter Poly PO, IM Some "blebs" IM

8.9 mg D.O./liter	 Some PHB Cell Wall Cell Wall Cell Wall

Rugose Rugose Rugose

Pores in wall Many pores

Some PHB

1.6 mg D.O./liter Poly PO IM IM IM 
Some Cell Wall Slightly Some Walls 
Smooth Rugose Rugose 
Few "blebs"Some PHB Some PHB 
Poly PO. 
0.8 mg D.O./liter	 Poly PO IM IM IM

Some PHB Slightly Walls Rugose Walls More

Rugose More "blebs" Rugose

Some "blebs" Some PHB

PHB = poly-beta-hydroxybutyrate IM = internal membranes

Stationary

Few "blebs"

Low PHB

No poly PO

Smooth CW 4

Numer PHB

Some poly P04

Some "blebs"

Cell Wall Rugose*

IM

IM

Slightly Rugose

Numer. PHB

Some Poly PO,

Some "blebs"

IM

Wall Rugose on some

Many "blebs"

Numer PHB

 CW = cell wall

Poly PO. = polyphosphate	 Numer PUB - numerous PUB granules
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PART B

INFLUENCE OP ALDRIN AND VARIED OXYGEN CONCENTRATIONS ON

A LAKE ERIE HETEROTROHtEC BACTERIUM: GROWTH

CHARACTERISTICS AND BIOSYNTHETIC PATTERNS

R. S. KENNEDY AND R. M. PFIST3R

UNIVERSITY OF GEORGIA AND THE OHIO STATE UNIVERSITY

Abstract

A Pseudomonas sp isolated from Lake Erie and grown in batch culture

in the presence of the chlorinated hydrocarbon pesticide aldrin or under

reduced (below saturation) dissolved oxygen concentrations had a greater

cell yield and shorted generation time than cells grown in a medium free

of pesticides under control conditions. The cell size of the organisms

was reduced when cultured in the presence of chlorinated hydrocarbon

pesticides or a reduced dissolved oxygen content. The synthetic patterns

of D M , R E , and protein were altered when compared to the control cells.

The pattern of carbohydrate synthesis was not significantly changed in

the presence of pesticides or a reduced dissolved oxygen concentration•

Increased amounts of poly-beta-hydroxybutyrate were observed in the

stationary phases of growth of bacteria grown in the presence of lowered

amounts of dissolved oxygen or in the presence of O.65 mg aldrin per

liter when compared to control cells.

Introduction

The refractory compounds called chlorinated hydrocarbon cydodienes

or more commonly chlorinated pesticides have become of intense interest

to the scientific community. Chlorinated hydrocarbon pesticides in the

soil can have a definite effect of the growth of microorganisms as veil

as other organisms constituting the normal flora. These effects range

in quality from inhibition to stimulation of growth.

Bacterial cell counts (7)> as well as fungal growth (6), were shown

to have been affected "by the presence of hexachlorohexahydroendo-exo­

dimethano-naphthalene (aldrin) in the soil. Dichloro diphenyl trichloro­

ethane (DDT) and l,l-dichloro-2,2 bis (p-chlorophenyl) ethane (DDT) in

the soil have also been implicated in a shift in the species composition

in the soil (10).

High oxygen tensions inhibit the growth of many aerobic and

facultatively anaerobic bacteria (15). Efficient aeration of bacterial

cultures has been shown to reduce the number of organisms present in the

stationary phase, (18, 23) or inhibit initiation of growth (h). The

exact mechanism of oxygen toxicity is not known but Gottlieb (1965) has

reviewed some of the theories.

Lake Erie is a body of water containing a variety of chlorinated

hydrocarbon pesticides (21) and a fluctuating dissolved oxygen concentration.

This study was undertaken to establish the effects of the chlorinated

hydrocarbon aldrin and varying dissolved oxygen concentrations on the

growth of a pseudomonad isolated from Lake Erie.

Materials and Methods

The culture system. The microorganism used throughout this

investigation was a motile Pseudcmonas s£ isolated frcm the western basin

of Lake Erie in Hbvember of 1967 (20). Hie organism was maintained in a

defined (AGS) medium consisting of (per liter doublt distilled H 20):

Arginine HC1, 0.5g; Dextrose, 5.0g; MgSCy 7H2O, 0.2g; lyiFO^, 2.0g; and

K H 2 R V 1#08'

The culture vessel was a comniercially available (Peimentation Design)

5-liter fermentor equipped to monitor and control pH, temperature, and

dissolved oxygen. An actively groiring culture (30 ml) was used to inoculate

3 liters of medium. All cultures were grown and maintained at jH 8.0 by

addition of 2N NaCH or 2N HC1. Growth was monitored by continuously

measuring the absorbancy of the culture of 610 ran i n a spectrophotometer.

The sample was pumped from the feraentor jar, through a flow-through

spectrophotameter cuvette and back to the culture vessel. The resulting

curves were plotted using a recorder attached to the spectrophotometer.

The appropriate amount of pesticide was added directly to the vessel

after autoclaving while the mediun was hot. Inoculation was carried out

after the vessel had cooled to 20 C using 30 ml of an actively growing

culture.

The initial oxygen concentration in the sterile medium was set at

8.9 mg dissolved oxygen (D.O.J/l using the dissolved oxygen control

device. During experiments where 8.9 ing D.O./l was required throughout

the incubation time the equipment was left at the appropriate setting.

During experiments Where reduced amounts of oxygen in the medium were

desired the D.O. monitoring and controlling unit was reset at the time

of inoculation to the lowered quantity which was either 1,6 or 0.8 mg

D. O./l. The impeller of the fementor was set to fluctuate between

50-200 KFM depending upon which of the dual air flow metering systems

was being used (high or low) to adjust the oxygen concentration. The

initial depletion of oxygen from 3.9 to either 1.6 or 0.8 mg D. 0#/l

occurred through the respiration of the bacteria and when the Op level

reached the desired end point, the control unit automatically held it

there.

Incubation of the cells was at 20 C for the duration of any experi­

ment. Samples were removed from the culture vessel during the lag, early

log, mid log, late log, and stationary phases of growth and either

immediately frozen in liquid Np or subjected to further testing.

Bacterial size. The cell sizes of bacteria were determined by

placing a small diop of cell suspension on a glass microscope slide coated

with a thin film of "Difco" Plate Count Agar (PCA). The cell suspension

was covered with a cover slip and phase contrast photographs taken on a

Zeiss "Photomicroscope" using Panatomic-x film (Kodak). Actual cell

size analysis was made by examining the photographs on a Zeiss-Endter

"TGZ-3 Particle Size Analyzer." The particle size analyzer was operated

on the linear class interval range, standard measuring range, and

distribution curve (E). The student T test was used to determine the

significance of differences between the mean size value of the population

taken from different portions of the growth curve.

Tbtal cell numbers were estimated by a Petroff-Hauser counting

chairiber. Viable cell numbers were estimated by the spread plate method

using KSA. Samples were removed from the feimentor, diluted in sterile

water blanks and a 1.0 ml aliquot was plated on pre-cooled agar (HJA)

Petri plates. Colonies were counted after 2k hr incubation at 20 C, All

samples were plated in triplicate.

Duplicate samples were removed, centrifuged, washed twice with

distilled water and resuspended in distilled water for dry weight

determinations. A 1 ml aliquot of cell suspension was placed in pre-

dried aluminum weighing pans and dried at 100 C to a constant weight.

determinations. A 50 ml aliquot of frozen cells was

thawed, centrifuged 5,000 x g for 15 min., washed 3 times in distilled

water and subjected to ultrasonic treatment using maximum power of a

"Bronwill" Biosonik i n ultrasonic generator for 3 ndn. The sonicated

suspension was centrifuged at k C, 5,000 x g for 30 min. and the

supernatant used for DNA, RNA, protein and carbohydrate (CHO) analysis.

The DNA analysis was performed using the Dische' diphenylajnine reagent

method with purified sperm DNA. as a standard. The orcinol method of

Schneider (25) was used for ENA quantitation based on a standard of

purified liver s-RNA. Protein was quantitated by the Cowgill and Pardee (3)

method utilizing bovine serum albumin (Fraction V) as a standard. The

anthrone reagent method of Morris (16) was used for carbohydrate

determinations with glucose as the standard. Poly-B-hydroxybutyrate (IHB)

was determined by the method of Law and Slepecky ( U ) using purified PHB

as the standard.

Results

Growth. The responses of the bacteria to varied oxygen concentrations

and the pesticide aldrin are shown on Figure 1 and were used as controls

for comparative purposes throughout the remainder of the investigation.

Cells grown under 8.9 mg D.O./l exhibited a short lag period (7-8 hr)

and reached the stationary phase of growth after 19 hr. The culture

grown under 8.9 mg D.O./l and 0,65 mg aldrin/l had an extended lag period

(15-l6 hr) but attained a higher final abosrbancy- The cultures grown

under 1.6 and 0.8 mg D.O/l exhibited a lag phase similar to the 8.9 nig

D.O./l control but showed a marked increase in final abosrbancy of the

culture.

Samples were removed frcm the various phases of growth for estimation

of cell numbers. Optical densities and generation times of the cultures

were determined from these data and from the recorder chart and are given

in Table 1. The control culture had the lowest concentration of ceLls

as measured by viable cell counts and optical density and exhibited the

longest generation time (3.0 hr). Cells grown in the presence of O.65

mg aldrin/l had a shorter generation time and a higher cell yield than

the control. Optimal growth conditions were reached when cells were

cultured under 1.6 mg D.O./l.

Samples were removed through the growth phases and subjected to

dry weight, total cell numbers (Petroff-Hauser), and cell size analyses

(Table 2). The control cells (Samples l-5> Table 2) showed a 2k fold decrease

in dry weight and a 25 percent decrease in cell size as the organisms

progressed from the lag phase to the stationary phase of growth. Cells

grown in the presence of O.65 mg aldrin/l and under 8.5 mg D.O./l

(Samples 6-10) showed a 50 fold decrease in cell weight during the growth

cycle and the cell size decreased 1*0 percent between the late log and

stationary phases of growth. Samples U-15 (1#6 mg D.O./l) showed a

slight decrease in cell weight between the late log and stationary phases

and the cell size of these organisms decreased sharply (30 percent)

between the late log and stationary phases. Cells grown under the lowest

(0.8 mg/l) D. 0# concentrations (Samples 16-20) decreased 100 fold in

cell weight and decreased 18 percent in cell size between the late log

and stationary phases.

Biochemical parameters. The perbent dry weights as DMA of cultures

grown under conditions shown in Figure 1 using aldrin as the pesticide

are given in Figure 2. During the lag phase of growth each of the cultures

contained about 10 percent of its dry weight as DNA.. During the early

log phase of growth, the culture grown under I.65 mg D.0,/l showed an

increased nuclear content. This same effect was seen in cultures

grown in the presence of aldrin but at a slightly later time period

(mid log). A  H cultures showed a reduced nuclear content during the

late log and stationary phases of growth.

The percent dry weights as R M of cultures grown under conditions

shown in Figure 1 using aldrin as the pesticide are given in Figure 3.

During the early log phase of growth, a significant increase in RNA was

observed in cultures grown under 0.8 mg D«0./l. The ^ percent dry weight

of the control cells as RHA gradually increased from the mid log to the

stationary phase of growth. During the stationary phase of growth, cells,

grown under 1.6 mg D.O./l contained 57 percent of their dry weight as

RNA. whereas cultures grown in the presence of aldrin contained 16 per­

cent of their dry weight as RNA.

The percent dry weight as soluble protein of cultures grown under

conditions shown in Figure 1 using aldrin as the pesticide are shown in

Figure U. The first significant increase in soluble proteins is reflected

in the organisms grown under 0,8 mg D.O./l during the early logarithmic

phase of growth. The protein content of the cells increases from the

mid log through the stationary phases of growth for all cultures except

the 0,8 mg D.O./l grown cells in which there is a slight reduction in

soluble protein (late log) and then a minor increase during the stationary

phase.

The percent dry weight as carbohydrate (CHO) of cultures grown

under condition shown in Figure 1 using aldrin as the pesticide are shown

in Figure 5* The carbohydrate content of the cells showed minor

fluctuations until the mid log phase of growth when the 0.8 mg D.O./l

grown cells showed a small increase. Bacteria grown under the other

three conditions showed a slight increase in carbohydrate content in the

late log phase of growth. During the stationary phase of growth the

caAohydrate content of all the cells showed a slight increase.

Bacteria harvested from the stationary phases of growth as shown

in Figure 1 were analyzed for content of poly-B-hydroxyJmtyrate (MB).

Cells grown under control conditions contained the smallest concentration

of Hffl (Table 3). Cells grown in the presence of O.65 mg/l of pesticide

or under 1.6 mg D.O./l contained 7-8 ^imes as much HTB as the control
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cells. Cells grown under the lowest oxygen tension contained the higjiest

concentration of HIB positive material.

Discussion

The pesticide used in this investigation was the chlorinated hydro­

carbon aldrin. This compound was found in Lake Erie in varying amounts

and may "be associated with different parbiculates in the water (21).

The pesticide had an effect on the growth and synthetic capacity of the

Pseudonnonas sp studied.

Bacteria grown in the presence of aldrin (O.65 mg/l) under high

oxygen (8.9 mg/l) concentration had a decreased generation time and an

increased cell yield,compared to the control.

The cell size of the organisms was altered during the growth cycle.

The cells which were enlarged during the lag phase (3*28 um) probably

due to swelling prior to the initiation of cell division decreased in

size during the early log growth phase. The control culture increased

in size during the logarithmic phase of growth and decreased in size

during the logarithmic phase of growth and decreased as the cultures

entered the stationary phase. This pattern was followed in the cultures

grown under different environmental conditions, e.g., the addition of

aldrin or reduction of Op, but the decrease in size during the stationary

phase of growth was the significant difference. The control culture

decreased 13 percent in size between the late log and stationary phases

while the aldrin treated cells decreased 39 percent during the same time

period. The 1.6 mg D.O./l grown cftlls decreased 30 percent while the 0.8

mg D.O./l grown cells decreased 19 percent in size between the late log

and stationary phases of growth. The decrease in cell size is attributed

to a change in the physiological or metabolic state of the cell (2h).

The data observed in the experiments suggest that the bacteria grown in

the presence of aldrin or lowered dissolved oxygen concentration were

metabolically more active and reflected a greater change in cell size

when metabolism decreased on entrance to the stationary phase of growth.

The DNA, KNA, protein, and carbohydrate composition of the aldrin

treated or reduced oxygen grown organisms revealed higher values than

normally reported for bacteria grown free of such additives. Schaechter,

et sul., (2k) reported that Salmonella typhimurium contained between 3 and

12 percent of the cell dry weight as DMA, dependent on the phase of

growth. Morse and Carter (17), and Berner and Cohen, (1) suggested that

about 3-U percent of the cell dxy weight of E. coli was DNA.. The control

culture in this study varied between 3 and 10 percent of cell dry weight.

The treated (aldrin or lowered Op) organisms varied between 3 and 20

percent and 2 and 21 percent for the aldrin grown and 1.6 mg D.O./l cultured

cells respectively. The total DHA. content of treated cells was increased

significantly during the early log and mid log samples and appears to

indicate increased nuclear activity during this time period. The

mechanism for this is not clear at this time.

On the average about 10 percent of the cell dry weight is RNA. (2^).

The RNA in the control cells reached a maximum of k2 percent during the

late log phase of growth. The situation appeared to be different in the

case of the aldrin treated or Op depleted cells. In aldrin samples RMA

showed a more gradual increase up to the late log stage and a slight

decrease in the stationary phase. The low level (1.6 mg D.O./l) grown

bacteria exhibited the largest amount of RMA. during the stationary

portion of the growth cycle.
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The protein content of all the cells correlated well with the

riboscme (RNA) content throughout the experiment. Protein can

compose 50 percent of the cell's dry weight (1), and the control

bacteria in this study contained as much as U6 percent of their dry

weight as protein. The cells grown under the different environmental

conditions did not exceed the maximum amount of protein found in the

control cells but did contain more protein per cell during various

phases of the growth curve (early log versus stationary or mid log

phases). In the case of soluble protein it appears that the presence

of the pesticide or the reduced Op level did alter the synthetic patterns

of the bacteria in a manner similar to the alterations of the ENA

patterns.

The carbohydrate content of bacterial cells varies greatly but

usually increases during the later phases of the growth curve. The amount

of polysaccharides in Aerobacter and Salmonella (13) varied from less than

10 to over 30 percent of the cell dry weight depending on the phase of

growth and concentration of sugars in the growth medium. The maximum

concentration of carbohydrates is generally in the early stationary phase.

These data are compatible with the results obtained during this investigation.

The amount of carbohydrates gradually increased throughout the growth cycle

and reached a maximum during the stationary phase of growth for «>n

cultures. Biere did not appear to be any significant alteration in the

synthetic patterns of CHO production.
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Lower dissolved oxygen concentration or the presence of aldrin

stimulated HIB production in the cultures# Chemical analysis of the

cells harvested during the stationary phase of growth indicated that

the bacteria grown in the presence of aldrin or 1.6 mg D.O./l contained

7-8 times more Hffl than the control cells. The bacteria cultured under

the lowest dissolved oxygen concentration (0,8 mg/1) contained 2k times

the quantity of M B per cell as compared to the control. This appears

to be in accord with the findings of Macrae and Wilkinson, (1958), vho

showed HIB formation to be more favorable under limiting oxygen

concentrations•

A strong interrelationship between the presence of the chlorinated

pesticide and dissolved oxygen concentrations appears to exist. It

seems that either lowering the amount of available oxygen or the

addition of aldrin caused a stimulation in the growth rate of cultures

of Pseudcmonas sp and resulted in an increased yield of cellular material.

It is probable that the pesticide is not acting as a carbon source but is

effecting the basic metabolism of the bacteria in a way similar to the

effect of lowering the available oxygen. These cyclodiene compounds are

not readily oxidized or metabolized by microorganisms and except for the

loss of the chemical through volatilization or adsorption to the glass

vessel the presence of the compound as a non-soluble particulate in the

medium must be reasonably stable. If aldrin enters the cell through a

solubility in the fatty acid containing cell wall then the fate of action

and mechanism of the pesticide must reside at some basic level probably

involved with energy generation or use. The patterns of synthesis of

KNA and soluble protein were the most severely affected by the addition

of aldrin or a reduced 0z content. Since large amounts of energy are
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expended in these processes these data coincide with the above

hypothesis.

The chlorinated hydrocarbon pesticides are electro-negative

conqpounds (19),tfiich could form a diffuse double layer on the outside

of the bacterial cell in combination with mono-or polyvalent cations.

These electro-negative compounds may help to concentrate ions and there­

fore indirectly affect the growth rate of certain microorganisms,

Ploc forming microorganisms (12) and suspended microparticulates (21),

have been shown to concentrate chlorinated hydrocarbon pesticides and

settle to the bottom of a body of water, e.g., a lake. The microparticulates

suspended in a lake also accumulate pesticides and stimulate growth of

some microorganisms (22). These factors increase the pesticide concentra­

tion in tfae lake sediment and either alone or in concert with the lowered

dissolved oxygen concentrations could greatly stimulate the growth of

certain organisms in the lake ecosystem. Jannasch, (9) reported

generation times in seawater of 53-60 hr for several bacteria. Assuming

a similar generation time for fresh water aquatic isolates the concentra­

tion of certain pesticides and/or lowered dissolved oxygen concentrations

could decrease the generation time by as much as kO hr and effectively

double the total mass of aerobic heterotrophic bacteria. These effects

help to increase the already rapid eutrophication process in our lakes

and other bodies of water.

Table 1.

en

 Viable cell numbers and final optical densities of cultures in the stationary

phase and the generation times of the organisms in the log phase of growth.

Culture" 1 " '""" "Viable" CclTs " -••-­- "ftp't ic~aV"" "~ '" "Gen e FatTon" 
C o j r ^ d j L t j L _ o n _ P ° J "  _ j ? i J ? J Xi I ? j L ! J r   Time (hr) 
Control 5 6 x 108 0 98 3.0 
8 9mg D.O./l 
0 65 ing aldrmg in/1 8.9 x 108  1 7 1.7 
8 9 mg U.0./I
1 6 mg D.O./l I 3 x 109 2.0 1 0 
0-8 mg D.O./l 8.0 x 108  1 7 2.2 
Ik

TA3LE 2 Average cei^ si:>: c c ^ dr wci%.,/:t: . '

:vuubers of ? seudcr.cn as sp at C ffcre:

of r.:e ^rovtl; cycio and grown under <

conditions.

Phase of O L ai Cell si-o

growth C cel is (jam)

Lag 4S J X 5,23

lEariy .eg (:? 5 X

H .70 1• 6 X 10^

Lato Log (4) :o - 0 X

Stationary C5) i s X 103 «- T —.

Lag X ,.,6 i

Earir -Og 2 1 *./ X 1C'.

i-iid -Ov; b 70 1 , 5 X 10^ •*' • 0 O

-ate ..jg (3) 2 GO •7 X ^0. 5. - J

Stationary CIO) 0.90 X 10^'
JL

La1' 41 X

Early -Og v*-- • -") J A S 20 s X io( 2 "';

Mid Lei (15; 2 50 2 , 6 X 10^

/ " - • \
Late _.o0 C 79 X 1 C ^ 

Stationary K^J 0 68 .7 X I

a ­; 48 X 7 
I:;:ri:; ~og ^17" 
::s5 
2 
0 
4 
45 
X 
X 
>% / 
-, r. »^ 
*.
J • T 
*' 
^uze -O^ j C Si 5 X 10o 
^ t a 11w.. ary '203 u 90 X 10" 2 .3 3 
*Sam^-cs --S were grown in AGS

.36 5-10 wore grown ir. AGS n;ediu..; under

w
^air*A..-co ^^-15 were grown in AGii ,.;eu^-:: v**..

•\-.air.^ .co ^o-20 were grown in AC^ ...iuia *.*.ww.
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Table 3. Concentration of PHB in stationary phase cells

grov;n u/.cer different environmental conditions

Culture PHB g PHB/

Condition fa/ml) ma cells

Control 0-55 0.32

S 9 nig D.0./1

0 65 ng aldrin/1 2.20 2 20

S.9 D.O./l

1.6 -.g D.O./l 2 65 2 30

0.S r.g D.O./l 6.70 7 44
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MICROPARTICUIATES: ISOLATION FROM WATER AND IDENTIFICATION

OF ASSOCIATED CHLORINATED PESTICIDES
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THE OHIO STATE UNIVERSITY

Abstract

Mxcroparticulates suspended in lake water were collected by

continuous centrifugation and either examined directly or placed on a

linear sucrose gradient. Total residue as well as fractions of the

centrifuged gradient were extracted with hexane and examined by gas

chromatography for the presence of chlorinated hydrocarbon pesticides.

Hexane extracts of total residues were also examined by thin-layer chromato­

graphy. Lindane and endrin were shown, by gas-liquid chromatography and

thin-layer chromatograpby, to be associated with micropartides of

different densities, when gas-liquid chromatography was used, although

concentrations were below the detection limits required for confirmation

by thin-layer chromatography* Samples taken at different times from

different locations in Lake Erie revealed different associations with

hexane-soluble electron-capturing compounds.

Introduction

The ubiquity of pesticides and the significance of their presence

in the aquatic habitat has been established. Techniques for identification

of pesticides in natural water usually involve extraction from water by

adsorption on activated carbon. This particular method has been included

in the 1962 USEHS drinking water standards as the method for the

determination of organic substances in water (1). In this procedure, up

to 5*000 gallons (about 19,000 liters) of water are passed through a

column of activated carbon 18 by 3 inches (U5.7 by 7.6 cm). The column

is extracted with chloroform to remove adsorbed pesticides, and the

extract is analyzed by gas chromatography. It is possible to obtain

analyses by extraction of small volumes of water (for example, 1 liter)

where concentrations of pesticides are high enough to cause a detector

response at that level. Water samples containing pesticide concentrations

below limits of detection are usually extracted by a countercurrent

batch process or by liquid-liquid extraction processes to increase

sensitivity of the method (2). Combinations of these methods have been

useful for detection of extremely small amounts of contaminants but are

quite time-consuming.

We have investigated the association of chlorinated hydrocarbon

pesticides with microscopic particles suspended in Lake Erie, Water

was collected in the vicinity of the Bass Islands in the western basin

of Lake Erie from 15 feet (U.6 m) below the surface. A 5-gallon sample

was centrifuged in a Sorvall RC-2B Szent-G/drgyi and Blum continuous flow

centrifuge at 27,000g at a flow rate of 11 ml/min. The particuJLates

from this fraction (0.15 pi in diameter and above) were placed on top of

a preformed linear gradient of sucrose (0 to 65 percent) and centrifuged

at 150Qg for 60 minutes. The tube was divided into four fractions, each

of which was extracted with hexane. Raw water samples (2 liters) have

been extracted by using the liquid-liquid extraction procedure. No

detectable chlorinated pesticides were found. Analysis of the hexane

extracts for presence of chlorinated hydrocarbon pesticides was made by

using an Aerograph 200 gas chromatograph equipped with an electron-capture

detector /250 me of titanium tritritide, column temperature 190°C,

detector 200°C, injector port 23O°C, 5-foot glass, 1/8 inch (internal

diameter) column packed with Chromosorb W 60/80 mesh, coated with 5

percent Dow silicone SE-30, high purity N~ carrier gas 60 ml/mii^.

Because gas-liquid chromatograjhy (GI£) retention time and reinforce­

ment of peaks are analytically inadequate for identification purposes,

the presence of specific pesticides must be regarded as presumptive •

The data suggested, however, that concentrations of specific pesticides

associated with individual particulate fractions were below the level of

detection by thin-layer chromatography (TLC) (3). Therefore, the use of

confirmatory TLC on participates from larger water samples was employed.

For this purpose, a 20-gaUon water sample was centrifuged as previously

described. Die total particulate residue was extracted with hexane and

concentrated to 0.5 ml by evaporation. Aliquots (2 ul) were injected

into the gas chromatograph and the remaining volume was added as a single

spot onto Eastman Chramogram 6061 TLC sheets. The TLC sheets were pre­

conditioned and developed by the methods of Kovacs (k)y and sprayed with

0.05 percent Rhodamine B (3); 5 ye and 50-jig spots of control pesticides

were chromatogramed on the same TLC sheet.

The TLC sheets indicated the presence of spots with R^ values

identical to lindane and endrin. The GLC recordings verified the

presence of lindane and endrin as well as several additional peaks from

this particular sample.

Pesticides which have been tentatively identified from GLC

recordings tdcen from particulate fractions are lindane, heptachlor,

aldrin, and endrin; there were also several unidentified peaks.

Pesticides were tentatively identified by compariscn of retention times

to those of control samples of known purity (dieldrin, aldrin, endrin,

99+ percent, Shell Chemical Co.; DDT and isomers, 99+ percent, USHiS

pesticide repository; lindane, heptachlor, 99+ percent, City Chemical

Corp,), and also by reinforcement of peaks by addition of known compounds.

The distribution pattern of pesticides with different particulate

fractions illustrates that various chlorinated hydrocarbons have an

affinity for particulates separable by density-gradient centrifugation

(that is, different particles). The distribution of these pesticides

demonstrates their association with the particulate compounds suspended

in the water- The utility of the collection and fractionation procedures

is verified by the variety of pesticide separations obtained through its

use.

Table 1 is a compilation of pesticide distribution and concentration

in the particulate fractions of three separate lake water samples taken

at different times, based upon GLC data without TLC confirmation, since

the concentration of pesticide in gradient fractions is below the limit

of TLC detection.

Table 1. Nenograms of chlorinated hydrocar­
bon pesticides per liter of lake water associated 
with each fraction of participates. Samples 79 
and 75 show the qualitative presence or ab­
sence of chlorinated pesticides in etch ex­
tracted fraction of two other samples taken at 
different times of the year. 
Gradient fraction 
Pesticide 
1 2 3 4 
Sample 86 
Lindane 0.53 4.6 3.2 16.5 
Hcpuchkw 0.69 0 1.7 2.1 
Akbin 14.7 2.0 1.0 1.3 
Endrin 9.6 0 0 0 
DDT: metabolic 0 0 0 0 
products or 
homers 
Sample 79 
PJ/-DDD -f. + 
Hepuchlor + + 
pjr-DDT 
-j-
Endrin 
D + 
Sample 75 
PS-DDD 
oj>'-DDT 
pjf-DDT 
Lindane 
Heptachlor 
Endrin 
Evidence from this study suggests that there is a quantitative as

veil as qualitative distribution of pesticides associating with varied

particulate components in natural waters. Pesticides that were determined

were attached to particles of 0.15 pi or larger in size, and different

pesticides were shown to be associated individually with particles of

different-.density. For example, in sample 86, lindane was found in

greater concentration in fraction k, the inorganic portion of the

particulate material (5), while aldrin and endrin were associated with

less dense upper fractions 1, 2, and 3, which consist primarily of

organics, detritus, and microorganisms. The presence of various

chlorinated pesticides was associated with different particulate compounds

of the environment. These compounds could be present in the environment

as either molecular aggregates in aqueous solution (U.I nn or less)

or in suspension (up to O.U urn) (6). In our system, paxticulates

below 0.15 um were not included, so that the presence of pesticides

is indicative of seme kind of true pesticide-particulate association.

The particles could be cell, detritus, or inorganic materials (for

example, clay minerals).

Different chlorinated hydrocarbons are present in different water

samples. For example, samples 70 and 75 suggest the presence of DDT,

its isomers, and metabolic breakdown products, whereas no DDT-group

compounds were detected in sample 86, The lack of detection of DDT or

isomers in this sample may be a reflection of the possibility of the

specific association of such compounds with specific particulates, or,

of course, it may be that these compounds were below the level of detection

in the quantity of particulate used for the extraction.

In analyses where activated carbon filters have been used

(for example, U.S. Public Health Service Water Pollution Surveillance

Program) levels (0.05 ng to 0,05 ug/liter) of pesticides are detected.

This technique has made use of 30-mesh and kAyy 10-mesh carbon which

has been preextracted to remove organic material. It seems likely

that chlorinated hydrocarbons associated with particles that have the

general size of 0.15 urn could pass through coarse carbon filters and

remain undetected in the water sample. Evidence fran our study suggests

that removal and analysis of particulates may need to be included to give

more adequate estimates of pesticides in aquatic environments. In an

environment such as Lake Erie, where the shallow water is so easily

disturbed by wind action, the turnover and accumulation of pesticides

in bottom sediments may be significant.
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W. 0. LESHNIOWSKY, P. R. DUGAN, R. M. PFISTER,

J. I. FREA, AND C. I. RANDLES

THE OHIO STATE UNIVERSITY

Abstract

Floc-forming bacteria isolated from Lake Erie adsorb and concentrate

aldrin f*om colloidal dispersion so that the settling of the bacterial

floes removes aldrin from the water phase. Contemporary sediments

forming in Lake Erie contain aldrin and could adsorb more. The sediments

consist of a conglomerate floe of bacteria, diatoms, and inorganic and

detrital particles. Flocculent bacteria also adsorb microparticulates,

and this adsorption capacity represents a mechanism for sediment

formation and for the removal of suspended particles including aldrin

frcan the water column.

Introduction

Many chlorinated hydrocarbon insecticides have been isolated from

surface waters, usually in concentrations of less than 1 ug/liter or 1

part per billion (ppb). The deleterious effects of pesticide in water

have been established (l). Our interest is in the fate of these

chemicals in a water column and particularly in their adsorption to silt*

and floc-foxming bacteria which fora contemporary sediment in lakes.

Bacterial floe is an aggregation of cells which results in a macroscopic

bacterial dump that settles from the liquid, thus leaving that medium

less turbid. Ibis type of growth appears to result from physical,

chemical, and biological interactions when extracellular fibrillar

polymers are synthesized by organisms (see 2).

Our study of aerobic bacteria isolated from Lake Erie revealed that

of 33 isolates tested in six different growth media 19 formed floes in

at least one medium, whereas ten formed floes in two or more of the media.

We report here a study of the ability of two of the floc-forming isolates

to concentrate and accumulate the pesticide aldrin (3) from solution.

One bacterium was an orange-red pigmented Gram-negative rod, tentatively

identified as either a FlavobacterLum or Protaminobacter. The other

was a Gram-positive species of Bacillus.

Our experimental procedure was as follows: The test organisms

were grown in a shake flask at ambient temperature (22° ± 2 C) in

nutrient broth (8 g/liter, Difco), harvested by centrifugation, washed

twice with distilled water, and resuspended in 25 ml of distilled water

Erlenmeyer flasks containing 50-ml suspensions of bacterial floe were

then placed on a rotary shaker and 1 ml of aldrin dissolved in acetone

-6

was added to give a final aldrin concentration of 1 x 10 g/ml or 1

part per million (ppn). After being shaken at 120 rev/min for the

desired time period, the flasks were removed from the shaker and the

floe was separated from the supernatant by centrifugation. The floes

were washed twice with distilled water and the washings were added to the

original supernatant. The pesticide exposure time was calculated as that

period between the addition of aldrin to the solution and the separation

of the second washing from the bacterial floe. The floe and supernatant

fractions were extracted separately with a mixture of heptane and acetone

(3:1* by volume). The organic solvent fractions containing the aiarin

were concentrated by evaporation and adjusted to a volume of k ml.

Samples (2 ul each) were injected into a gas chromatograph (Aerograph

model 200) fitted with an electron capture detector (h).

The total amount of aldrin adsorbed to bacterial floe as a function

of time is plotted in Figure 1. The theoretical maximum for aldrin

adsorption calculated from a standard curve is 1 ppnu The recovery

values for aldrin varied in individual experiments between 70 and 130

percent (0.7 to 1.3 ppm)> with the variation possibly due either to ad­

sorption on glassware (5) or to the varying sensitivity of the electron

capture detector. Almost all of the aldrin adsorption to floe took place

20 80 40 80 
Tin* (minutes) 
Fig. 1 (left). Curves showing adsorption of aldrin by both (a) 
Gram-positive bacterial floe and (b) Gram-negative bacterial 
floe as a fonction of time (solid lines). Numerals on each curve 
indicate the dry weight of bacterial floe used in each experi­
ment Broken and dashed lines indicate extrapolation from the 
first experimental point to zero time. Fig. 2 (right). Curves 
g the nutal amou 
aiarm aasornea anrtng 
of aldrm Iound » t w  o different 
oy tne two samples as a 
of contemporary sediment (sik) (broken fines) and the additional 
f tune (»lid lines). 
within the first 20 minutes of contact. That the amount of aldrin

adsorbed in most cases remained nearly constant after 20 minutes was

verified statistically by single variable linear regression at both the

1 and the 5 percent levels of significance when the amounts of aldrin

adsorbed as a function of time were compared. All of the aldrin added

to the Gram-positive bacteria was recovered from the floe; none was

recovered ftran the supernatant. The recovery value averaged 88 percent.

The slope of the line is linear and = 0 (6) at both the 1 and 5

percent significance levels when floe weight as a function of pesticide

adsorbed was evaluated. This linearity is due to the high rate of aldrin

adsorption by floe which resulted in maximum adsorption within the

minimum time period required to obtain the first adsorption value (that

is, 12 to 1? minutes). The fact that there was no significant difference

in the amount of aldrin adsorbed by O.OUl g of floe as compared to 0.087

g of floe indicates that O.lflg was sufficient to adsorb all of the

available aldrin.

Adsorption curves shown in Figure 1 indicate a rapid uptake of

aldrin during the first 20 minutes until maximum theoretical adsorption

is reached. As aldrin is adsorbed, less is available in solution to be

adsorbed. Therefore, the floes effectively adsorb from more dilute

solutions than anticipated by the initial test concentration. This

would essentially represent adsorption from lower, more realistic,

pesticide concentrations found in Lake Erie.

Data for the Gram-negative organism show that the amount of aldrin

adsorbed by an equal weight of cell floes remained the same or increased

only slightly with time beyond 20 minutes and either decreased or

remained unchanged in the supernatant. The adsorption curve was

linear at the 1 and 5 percent significance levels, but only if the

O.O656 g value was omitted from the calculations. If this value was

included, the data did not represent a linear relation at either level.

However, in neither case was = 0, an indication of a relationship

between adsorption and floe weight in this case. Deviation from = 0

results from a slower adsorption by the Gram-negative bacteria as

compared to the Gram-positive bacteria.

The concentrating effect of these bacteria is considerable. For

example, when O.OUl g of Gram-positive floe adsorbed pesticide from 25 g

of water, the concentration factor was about 625 to 1 within 20 minutes.

A similar but slightly smaller amount of adsorption occurred with the

Gram-negative organism. Analogous findings have been reported for algae (7),

Samples of natural sediment that were in the process of settling

and accumulating in Lake Erie were collected by specially designed

sediment collectors placed on reefs (8). This sediment consisted

primarily of inorganic matter. We analyzed the sediment in a matter

identical to that described for bacterial floe, and we also examined the

sediment on a microcoulometer (Dohrmann Instrument Company model 200A) (9),

The presence of both aldrin and dieldrin (3) in contemporary

sediment was detected by both gas chromatography and microcoulcmetry.

Additional aldrin added experimentally was absorbed and, as shown in

Figure 2, the concentrations after 10 and 70 minutes were almost equal.

No aldrin was detected in the supernatant. The data were linear at both

the 1 and 5 percent levels of significance and was equal to zero.

Contemporary lake sediments appear to accumulate pesticide from

suspension in a manner similar to that shown for bacterial floe. Floc-

forming bacteria are common in the lake environment and experimentally

have a rapid and high adsorption capacity for aldrin. Organic "floc­

like" bottom sediments from the eastern basin of Lake Erie have been

reported (10), and electron microscopic examination of contemporary

sediments fran Lake Erie shows that these sediments consist of a

conglomerate of bacteria, diatoms, and inorganic and detrital participates.

Counts of 105 aerobic and 10 anaerobic heterotrophic bacteria have

been obtained per gram (wet weight) of contemporaiy lake sediment. In

this regard, clay particles are known to adsorb pesticide and lake

sediments are known to adsorb lindane (3,11). Pfister, et ai, (12)

reported that chlorinated hydrocarbons both behave as suspended micro­

parbidilates and are associated with other microparticulates including

detritus in the water column. Other researchers (13) have established

that EOT (3) is taken up from organic detritus by fiddler crabs.

Significant concentrations of chlorinated pesticides have been detected

in algae and lake bottom mud (Ik). It is known that actinamycetes,

fungi, and other bacteria adsorb and concentrate pesticides from solution (15)

and that microparticulates associate with microorganisms (16).

Particulate organic material has been considered a potentially important

source of food for filter-feeding marine organisms (17). The suggestion

has been made that most of the particulate organic carbon at depths

shallower than 175 m in the Atlantic Ocean off South America consists

of living organisms and decomposable organic matter (18)*

We conclude that floc-florming microorganisms act as adsorbents for

other suspended micropartides including chlorinated hydrocarbons and

that this adsorption represents a natural process for the removal of

micropartides from the water column. Once the micropartides have

settled from suspension, the fate of the pesticides is in question,

but they may be degraded under anaerobic conditions (19) • It is likely

that pesticides concentrated in bottom sediments for even short periods

of time would exert an insecticidal effect on the bottom insects and

other susceptible fauna. Jensen and Gaufin (20) and Carlson (21) have

shown that different species of stone fly and mayfly naiads have varying

susceptibilities to the same pesticide. This may explain the disappearance

of certain insects from Lake Erie such as mayflies, and the persistence

or increase of others. The same may hold true for other organisms in the

lake.
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Abstract

This investigation was to study the interaction of environmental

contaminants (defined as substances not formed biologically or naturally

and which are not nomally indigenous to the water) on the microbial

portion of the ecosystem. Particulate suspended materials (minerals

and detritus) were examined on a physical and biological basis, and

characterized using differential and gradient centrifugation in conjunc­

tion with electron microscopy. Several characteristic fractions of

suspended particulate material were examined for ability to influence

biological reactions. 35ie particulate fraction of water is important

to microbial relationships in the area of interfaces and biological

activity. It is known that particles and molecules in solution

accumulate at interfaces (this includes chemicals which can either act

favorably (nutrients) to organisms or unfavorably (pesticides) to

organisms), and that enzymatic reactions are concentrated at membranous

surfaces. Therefore, it is of significant importance to study the

capabilities of non-biologicals that commonly end up in the waters on

such colloidal or molecular interfacial systems.

Introduction

The natural process of eutrophication appears to be greatly

accelerated in Lake Erie. The net effect of accelerated eutrophication

involves stimulated shifts in predominant organisms, changes in growth

patterns, and an overall biomass increase in the Lake. This could

result from a variety of contributary factors; e.g. cities, agriculture,

erosion, industrial wastes, heat from power plants, etc.

At the physiological level, growth of organisms can be interpreted

in physical-chemical and nutritional tems. The processes then would

be related to the extent and nature of growth promoting, or inhibiting,

substances which enter the Lake; and therefore to streams in the water­

shed that carry material into the Lake. Many of the substances that

enter the Lake are wastes which can be modified, via the metabolic

activities of protists and other microorganisms, to serve as nutrients

far higher life farms. This includes the conversion of such compounds

as detergents, hydrocarbons, cellulose, chitin, etc. to either microbial

cell mass which can then be utilized directly by higher forms.

Metabolic activities, hence total growth, of microbes tend to

increase at interfaces (Bigger, 19^1; ZoBell, 19^3; Zvyagintsev, 1962).

Indeed, the reason for extremely high metabolic rates in protists, as

compared to that in multicellular organisms, is largely due to their

high surface to volume ratio. Microorganisms being a system of

surfaces composed of membranous organelles.

It is known that suspended particulates as weLL as dissolved

chemicals tend to accumulate at interfaces (Henrici, 1935; Heukelekian,

19*10; Riley, 1963; Wood, 1962). This phenomenon is the basis of foam

or froth flotation recovery processes. Further, suspended particulates,

when available, represent active sites for adsorption and concentration

of dissolved chemicals at the surface. !Ehis is the physio-chemical basis

for many types of chromatography and purification processes.

The purpose of this investigation is to examine the interaction of

suspended particules and growth of microorganisms in relation to

accumulation of dissolved nutrients in the Lake, with an ultimate

objective of determining whether or not these processes have a significant

influence on eutrophication. Particulates in the size range of 10

microns or less have been chosen for study because the high surface to

volume ratio is likely to be quite significant in relation to

accelerated growth rates.

Methods and Results

Figure 1 shows a flow diagram for the analysis of water. Water

samples were collected frcm a depth of 15 ft in the Lake, or just below

surface in the Sandusky River. The diagram illustrates that centrifugation

was used in the process. This was done by collecting a 5-10 gallon

sample. The bacterial counts and initial isolations of bacteria were

done as soon as possible upon retrieval of the water sample and were

frequently accomplished (weather permitting) on board the boat. Incubation

was carried out at 30°C.

BACTERIAL COUNTS 
CENTR1FI CATION GRADIENT CENTRIFIGATION 
GRID 
BAND 
SEPARATION AND 
EM EXAMINATION 
TOTAL CARBON 
Sl'PCRNATANT 
TOTAL NITROGEN

PARTICILATE

FIGURE 1  . FLOW DIAGRAM OF PROCEDURE USED DURING 
EXPERIMENTATION. 
Water was centrifuged at 27,000 x g with a flow rate of U5 ml/min

in a Sorvall Szent-Gorgi continuous-flow centrifuge. This permitted the

removal of particles down to 0.3 microns. The supernatant water was then

passed through the centrifuge at 27,000 x g with a flow rate of 11 ml/min

which removed colloids down to 0.1 micron. Solid residue from these

fractionations were weighed and placed on top of a gradient constructed

of sucrose with a linear density of 1.0765 to 1.22^1 and centriftiged at

1,500 x g for 60 min (Lammers, 1962, I96U and 1967).

Bands were collected by using a Beckman tube-cutting device and

particulates in each band were either dialysed against distilled water

or washed in distilled water by high-speed centrifugation. 0.01 ml of

each fraction was placed on a carbon-coated electron microscope grid,

dried and examined. Both inorganic and organic particles could be

examined and estimated as to size, distribution and density (Figure 2).

It can be seen that the inorganic particles, including diatoms, are

found at lesser densities. Particles in this treatment will separate

primarily on the basis of density.

Another method which we have employed to separate particulates on

the basis of size is the direct preparation of carbon replicas on

membrane filter surfaces (Millipore Corp., Bedford, Mass.).

Volumes of tram 5 to 50 ml of water were pushed through the filter

before it was removed and air dried. 1 mm square pieces were cut from

the sample, shadowed and carbon replicated. Carbon films were washed

in acetone, chromic acid and water. Figure 3 shows an electron micrograph

of the surface of a standard unusfed 0.^5 micron pore size filter.

S./e m 
DefYSrty Microns 
1.O76S .003 6 
M713 .003-3 
1.1910 .001-4 
.007-30 
FIGURE 2  . COMPOSITE PHOTOGRAPH MADE FROM THE 
EXAMINATION OF PARTICULATE FRACTIONS 
SEPARATED BY USING A LINEAR SUCROSE 
GRADIENT. EACH SEGMENT I  N THE PHOTO­
GRAPH REPRESENTS A SECTION I  N THE 
GRADIENT REMOVED WIOH A TUBE-CUTTING 
DEVICE. 
FIGURE 3. ELECTRON MICROGRAPH OF A CARBON REPLICA OF A

STANDARD UNUSED .1*5 MICRON PORE SIZE MTLLIPORE

FILTER.

In Figure k a variety of particulates can be seen on the surface.

Chromic acid in the washing process is not particularly effective

against inorganics, and these can be seen as dense electron-scattering

particles. The other particles, which have been removed by the treat­

ment and are seen as the same density as the background carbon, were

probably organic in origin.

To examine the biological effects of particulates which had been

fractionated as described, several experiments were attempted, Table 1.

Pure cultures growing on half-strength tryptone glucose yeast extract

broth were subjected to the addition of particulate fractions and their

supernatents. The histogram shows the growth of each culture as

compared to a control designated as "no fraction" in the graph. Each

bar of the histogram has been corrected for effects of turbidity caused

by the addition of the particulates.

Results show that in three of the organisms examined, the particles

0.3 micron or larger were effective in inhibiting the growth as measured

turbidijiietricalJy. Ihe growth of the yeast culture appeared to be

slightly enhanced by the particulates. The explanation of these effects

has not been determined.

Another experiment was conducted with pure cultures of Micromono­

spora sp. and Streptomyces sp. which had been isolated from Lake Erie.

The particulate fraction 0.3 micron and larger was added to a salts

medium which contained no carbon source. The addition of these

particulates stimulated a significant increase in relative biomass over

the control cultures which recieved no ^ articulates. The arrow indicates

FIGURE h. CARBON REPLICA OF A MILLIPORE FILTER AFTER

FILTERING 10 ml OF LAKE ERIE WATER. DARK

PARTICLES ARE PROBABLY INORGANIC.

30.000X

TABLE 1. RESULTS OF AN EXPERIMENT SHOWING THE EFFECT ON

MTCROBIAL GROWTH BY TWO PARTICULATE FRACTIONS

AND THEIR SUPERNATENTS. THE BARS OF THE HISTOGRAM

REPRESENT THE RELATIVE GROWTH MEASURED TURBIDIMETRI­

CALLY AS COMPARED TO A GROWEH CONTROL (NO FRACTION),

EACH BAR HAS BEEN CORRECTED FOR THE EFFECTS OF

TURBIDITY CAUSED BY ADDITION OF THE PARTICULATES.

NF 
NF- No Fraction 
1 - Initial Sample (2l2) 
2 - Pellet I (>O.3/x) 
3 - Supernate I (<O.3/LA) 
12 - Pellet H ( 0 .1  - 0 .3 /J . ) 
13- Supernate 31 (<O.I/i.) 
NF 
12 
3. 
13 
NFI |3 
Organism # 3 Organism #  5 Organism #32 Organism # 33 
(Yeast) (G+ Coccus) (6+Coccus) (G-Rod) 
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the concentration of this particulate fraction in the Lake. Results

of this experiment are shown in Table 2.

Figure 5 shows the Streptomyces attached to particles in this

experiment. This appears to be the development of an aggregate between

suspended particles and organisms.

In a lake such as Erie, where the tuibidity is very high and

particulates are in the water column in high concentration, they

probably play a significant role in the aging and eutrophication of the

lake.

Figure 6 clearly shows the association of sub-microscopic particles

of magnesium silicate (talc) with anexocellular polymer produced by

this aquatic bacterium. This organism is an unidentified floe-forming

pseudomonad which has been previously described (Friedman, 1963).

This serve to illustrate how sub-microscopic particles can be aggregated

into a larger particulate via the activity of microorganisms.

Discussion

The water in Lake Erie is relatively high in suspended particulates

and this may be related to reported increases in the rate of eutrophica­

tion.

This report indicates that the particulates in the Lake are comprised

of substances having a variety of densities and that fractions can be

separated which exert an influence on the growth and metabolism of

microbes taken from the Lake. it can therefore be concluded that

specific aquatic microbes have the capacity for accumulating inorganic
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TABLE 2. RESULTS OF AN EXPERIMENT SHOWING THE EFFECTS OF THE

ADDITION OF A 0.3 MICRON AND LARGER PARTICULATE

FRACTION ON THE GROWTH OF STREPTOMYCES SP. AND MICRO­

MONDSPORA SP. THE GRAPH SHOWS INCREASE IN RELATIVE

BIQMASS AS MEASURED BY INCREASE IN DNA CONTENT

THROUSJOUT THE EXPERIMENT. THE ARROW INDICATES THE

CONCENTRATION OF THIS FRACTION IN THE LAKE.

_ 2 . 5 
I 20 
1.5 
I 1.0 o Streptomyces sp. 
A Micromonospora sp. 
05 
CO 
0 4 8 12 16 
Porticulate Concentration (g/ml. x I0"6) 
12

FIGURE 5. STREPTOMYCES SP. ISOLATED FROM LAKE ERIE

SHOWN ASSOCIATING WITH 0.3 MICRON AND

LARGER PARTICUIATE FRACTION FROM LAKE ERIE.

THE PARTICLES IN THIS EXPERIMENT ARE THE

SOLE SOURCE OF CARBON. l?600 X
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FIGURE 6. THE PHOTOGRAPH SHOWS THE ASSOCIATION OF MAGNESIUM

SILICATE (TALC) WITH A POLYMER PRODUCED BY AN

UNIDENTIFIED FLOC-FORMING PSEUDOMONAD. 25,000 X

micro-particulates. This in effect alters the distribution and

availability of micro-particulate surfaces and may even remove them

from suspension via a flocculation process* Growth of the organisms

to which micro-particulates become attached is known to be controlled

by available nutrients.

Postulation of a system of ecological controls can be made which

involves interaction of nutrient concentration, suspended micro-

particulates, and buildup of larger aggregates from association of

inorganic and living particles.
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PART F

CHLORINATED HYDROCARBON, MTCROPABTICULATE EFFECTS

ON MTCROORGAMISMS ISOLATED FROM LAKE ERIE

R. M. PFISTER, J. I. FREA, P. R. D'JGAN, C. I. RANDLES,

K. ZAEBST, J. DUCHENE, T. McNAIR, AND R. KENNEDY

Abstract

Water samples frcm the western basin of Lake Erie have been

analyzed with regard to the distribution of colloidal xnicroparticles.

Size analyses of particulate samples placed on a sucrose density

gradient revealed that the most common size particle was in the range

of 0.1 inn. Chlorinated hydrocarbon pesticides such as endrin, aldrin,

heptachlor and lindane were found in association with these particles

and the data suggest that aldrin and heptachlor were found more

frequently on the smaller, less dense particles, while lindane was

associated with the larger, more dense fractions. Bacteria isolated

from these water samples prior to chemical analyses were grown in

the presence of clay micropartides treed of pesticides, micropartides

containing known amounts of pesticides, and purified pesticides alone#

Bacterial growth effects were measured by changes in the turbidity of

the medium, total DNA content of the culture and standard plate counts .

Results demonstrate that different bacteria in the presence of endrin

or aldrin could be affected in different ways. In some causes the

organisms were stimulated to produce a cell yield of U-5 times that of

the control cultures, A survey of 151 heterotrophic aerobic bacteria

isolated from Lake Erie has shown that 55 were stimulated by aldrin,

5k by endrin and k$ by dieldrin. Forty-six cultures were inhibited by

aldrin, 1*3 by endrin and 1*3 by dieldrin. Eighteen cultures were stimulated

by the three compounds, while 27 cultures were inhibited.

Introduction

The presence and persistance of chlorinated hydrocarbon compounds

in the aquatic environment has presented an interesting and

potentially dangerous ecological situation. The wide distribution of

these recalcitrant organic molecules has raised the question of their

long-term effects on our natural environment. The occurrence of these

compounds as either molecular aggregates in aqueous solution (U.I nm

or less) or in suspension (up to O.U urn) (Bowman, et al., i960) in the

water and the association of these compounds with particulate suspended

solids is significant. The interactions and metabolic activites (e.g.

growth) of organisms tend to increase at interfaces (Bigger, 19kL;

ZoBell, 19^3; Zvyagintsev, 1962; Pfister, et al., 1968).

It is also known that suspended particles and dissolved chemicals

accumulate at interfaces (Riley, 1963; Wood and Oppenheimer, 1962)

and that when present represent activite sites for adsorption and

concentration of materials at the surface. The presence and distribution

of pesticides as particulates or in combination with other micro-

particulates througjh adsorption or as stored products in or on minute

organisms such as bacteria must be carefully examined and understood.

The response of the environment to these compounds must be learned in

order to predict or direct corrective measures to be taken to insure

environmental safety. Lake Erie is an ideal take for these studies

because of its high rate of man-made organic pollution and its high

particulate content.

The purpose of this investigation was to analyze water samples

taken f*om the western basin of Lake Erie (Figure 1) with respect to

colloidal particle distribution and size, pesticide content and

distribution in the particulate fractions acd effects of certain clay

and pesticide particulates on bacterial growth.

Methods and Results

Water samples were collected from a depth of 15 feet in Lake Erie

in 5 gallon quantities. Heterotrophic bacteria were plated out

immediately on plate count agar (KJA). These platings were done as

soon as possible upon retrieval of the water sample usually on board

the boat. Incubation was carried out at 25 C. After k8 hours, single

colonies were picked and restreaked for further experimentation.

Die five gallon water sample was passed through a continuous flow

high speed centrifuge (Sorvall RC-ZB equipped with a Szent-Gorgi

continuous flow attachment) at a flow rate of 11 ml per minute and a

gravitational force of 27,000. Solid residues from the water sample

were weighed and placed on top of a linear gradient of sucrose with a

density from I.O765 to 1.22*41. The preparation was centrifuged at

1,500 x G for one hour (Lazmners, 1962, I96I+, 1967).

Five bands were collected using the tube cutting technique and

the microparticles in the bands dialysed against or washed in distilled

water by high speed centrifugation (27,000 x G for 30 min.). When

pesticide analysis was to be carried out, the gradient was divided into

four bands which were each separately extracted in hexane. The analysis

of the hexane extracts for the presence of chlorinated hydrocarbon

pesticides was made using an Aerograph 200 gas chromatograph (GLC)

equipped with an electron-capture detector (Pfister, Dugan and Frea,

1969).

Particulate Matter in Lake Erie Water Column

Particulates from Lake Erie water samples were evaluated for

individual size and size distribution using the Particle Size Analyzer

TGZ-3 (Zeiss Co.), Riis instrument utilizes an illuminated iris

diaphragm which can be varied in diameter so that its area can be made

equal, to the area of a photographed particle (Falcon-Uff, Leverington,

1967).

Lake Erie samples (111A, 1UB, 115, H 7 ) were used in this analysis.

Samples were prepared for photographing by placing 1-3 micrograms of

the particulates on a carbon-coated electron microscope grid. The

grids were observed in an Hitachi (HS-7) electron microscope. The

fields photographed were both representative of the sample and contained

particles which were sufficiently dispersed so that individual particles

could be identified (i.e., as little overlapping as possible). On the

average, each field contained 100-200 countable particles. Photographic

negatives were enlarged so that the smallest particles were not less than

1-2 mn and the largest did not exceed 37-7 non. Total magnification

remained constant throughout a fraction 'which was tu be sized. Photographic

positives were made using Kodak Ektamatic paper.

Sizing was accomplished using the exponential-distribution-standard

operating condition of the instrument. Each particle was analyzed by

placing its photograph over the iris diaphragm, and adjusting the diameter

of the circular light spot to equal the area of the particle. If a

particle deviated frcm a circular shape, the light spot was adjusted

so that the total area of the protruding portions of the particle became

equal to that of the re-extrant areas. The particle was then recorded

in a specific counter category in the instrument. A minimum of 1,000

particles per fraction was counted.

Interval centers of the counters were then converted to the actual

size of the particles by dividing them by the total magnification.

The readings (numbers of particles) obtained on the individual counters

were multiplied by the correction factor for exponential counting.

The corrected interval centers and the corrected number of particles were

then plotted to give a distribution curve. Distribution curves were done

on all fractions within a sample (Figure 3-7), and a total distribution

curve was plotted for the entire sample (Figure 2).

A student-T test for statistical fitness was also done comparing

the samples. The average particle size ranged between O.lU and 0.2^ u.

The absolute particle range, however, was as low as .029 I* and as high

as 7.90 ji (Table 2).

In the individual fractions a large peak in the number of particles

usually occurred in the 0.08 to 0,2 jk range. This range accounted for,

on the average, 50-55$ of the total particles counted.

The T-statistic information (Table 3) shows that all three samples

were significantly different.

Pesticide Distribution on Microparticulates

Examination of particulates from five water samples for the

presence of chlorinated hydrocarbons shoved that there was a distribu­

tion of these compounds through the gradient. In these five cases, the

gradient was divided into four sections, each of which was analyzed

separately. With only five complete samples, no real significance

could be attached to the distribution patterns with respect to each

original water sample. When the total amount (nanograms) of each

pesticide was calculated and an indication of the fraction from which

it was isolated was made, a distribution pattern emerges. Figure 8

shows the chlorinated hydrocarbons dieldrin; p,p'-DDE; endrin; hepta­

chlor; aldrin; lindane; and o,pf-DDD and their cumulative distribution

(from five samples) in the four fractions from the sucrose gradient.

In the case of endrin and aldrin, the largest amounts were recovered

from fractions 1 and 3 when compared to fractions 2 and 4. Very little

lindane was recovered in fractions 1 and 2 (about 125 nanograms) \rtiile

680 nanograms were recovered in fractions 3 and k. The o,pf-DDD

appeared to be more evenly divided with slightly more in fraction U.

Dieldrin and p,p'-DDD were also more evenly divided in all fractions

except for fraction 3. The lowered amount in fraction 3 could also be

seen in the o,p'-DDD and the heptachlor samples where most of the

pesticide remained in fractions 1 and 2.

Interaction of Pesticides and Micropartides on Bacterial Growth

In this study we have exposed a culture of a Pseudamonas species

isolated from Lake Erie (OSU isolate #501) as previously described

(Mister, Dugan and Frea, 1968) to various concentrations of the

chlorinated hydrocarbon pesticides endrin and p, pf-DDE, These compounds

were placed in suspension using double distilled hexane or were adsorbed

to the clay kaolinite after it had been preextracted and washed in hexane

and acetone. In order to adsorb pesticides onto the clay, 0,3 g of

kaolinite was suspended in 100 ml double-distilled demineralized water­

One ml of a stock solution (endrin, 0.1 g/ml or 0.001 mg/ml; p,pf~DDE,

0#01 mg/znl or 0,001 mg/ml) of pesticide was added and left on a rotary

shaker for 2k hours at 21°C. She clay was then washed three times in

double-distilled, demineralized water to remove any unadsorbed pesticide

aggregates. Samples of the extracts and the presence of the hydrocarbons

on the clay were examined using the GIC technique. The final concentration

of endrin in the medium was 3.7 Wg/ml (cone) and 3.7 x 10~ Vg/ml (dil) of

p,pf-DDE was 3-7 x 10"3 ug/ml (cone) and 3.7 x 10 yg/ml. The bacteria

were cultured in a defined medium as shown in Table 1. All cultures were

grown on a rotary shaker at 21 C.

Growth was determined through measurement of turbidity (KLett-Summerson

Colorimeter equipped with a 5kO m filter) every2lf hours and with a

diphenylamine assay for analyses of total deoxyribose nucleic acid (DNA.)

at completion of the experiment. (Dische, 1955). All experiments were

repeated in triplicate.

In order to relate DMA. content to dry cell weight, cells were

washed and suspended in distilled water and measured amounts pipetted into

tared weighing cups. An equal amount was put in a glass centrifuge tube

and. the DNA content determined with diphenylamine. The weighing cups were

dried in an oven at 100 C and weighed at 2^ hour intervals until the

weight remained constant, DNA content and dry cell weight were then

plotted relative to an untreated control (Figs. 9>10).

In order to relate the increase in turbidity observed during the

experiments and the increase in DNA content with an increase in cell

number, viable plate counts were also made. These were done every 2k hours

by dilution in sterile water blanks followed by plating on PCA (Difco).

Plates were incubated for k8 hours at 21°C and counted at the appropriate

dilution. Results of these counts always showed a consistent increase

in viable cells which followed substantially the increases in turbidity

and DNA.

The growth rate of a Pseudomonas sp. in defined medium was found to

be greatly enhanced by the addition of 0.0U grams of kaolinite per 35

milliliters. With the addition of 0.13 ml double-distilled hexane, an

increase in growth was also observed. In the case where pesticides were

added in a non-adsorbed aggregated foim, this acted as a control since

the pesticides were dissolved in hexane. A sample of each pesticide

was adsorbed on kaolinite and the effect tested on growth. Concentrated

p,pf-DDE enhanced growth both by itself and tfiile adsorbed to the kaolinite.

Dilute p,pf-DDE enhanced growth slightly while adsorbed to clay, but

caused a decrease in growth when by itself. The amounts of growth measured

by turbidity and DNA in each experiment were closely parallel throughout
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the experiment (Figure 9). Concentrated endrin seemed to inhibit growth

while dilute endrin caused an increase (Figure 10).

Survey of Lake Erie Heterotrophic Bacteria in Response to Pesticides

A survey of the response of 151 heterotrophic aerobic bacteria

isolated over a two year period from Lake Erie to the presence of three

chlorinated hydrocarbon pesticides has been carried out. Aldrin, endrin

and dieldrin were placed in 9.9 ml of the medium previously described to

a final concentration of 1.0 Pg/ml. Acetone was used to dissolve the

hydrocarbons and 0.1 ml of the stock solution was added to each growth

flask. Incubation was carried out at 25° + 2° for one week in quiesceit

culture• Five growth flasks in replicates were prepared and samples

monitored for absorbancy compared to control flasks in a Coleman autoset

spectrophotameter. The results of these anayses indicated that many of

these cultures were changed in their growth patterns and were in seme

cases significantly stinalated or depressed in the presence of these

compounds. Of the 151 cultures examined, 55 were stimulated by aldrin;

3k by endrin and 1*5 by dieldrin. Examination of the results showed that

1*6 cultures were inhibited by aldrin; 1+3 by endrin and 1*3 by dieldrin.

In many instances, cultures were effected by more than one pesticide.

All three pesticides were stimulatory to 18 of the cultures, while 27 were

inhibited by

Discussion

These data show (Figure 3-7) that in the sample tested frcm Lake

Erie (Zone A, Figure 1) there was a distinct distribution of micro-

particles which could be separated by density gradient centrifugation.

Figure 2 shows the population of particles frcm sample 1LLB prior to having

been centrifuged in the sucrose gradient. The greatest number of particles

are found in the size range Of 0.05-0,2 microns (colloidal size). This

has been the case in every sample examined to date and can be seen in the

results shown in Table 2. In sample 1.11A taken on 3/21/69 in Zone A,

there was an average particle size of 0.2U microns with an absolute range

of 0.029 to 7.9 microns. Each of the other samples TUB, 115 and U 7

reflect essentially the same result which suggests that the majority of

particles are indeed in the small size range.

Additionally, it can be seen that the particles frcm Zone A and

Zone B taken on the same date only one hour apart have significantly

different size (Table 3). The particles from Zone B, which is east of

Zone A are smaller in average size. Lake Erie is known to became less

turbid toward the eastern end, so it is not surprising to find smaller

particles in Zone B. When samples were taken in Zone A or B on different

dates, under different weather conditions (e.g.,wind direction, velocity,

and temperature differences) the particle sizes (sample U5,117) were

also different (Table 3). Since Lake Erie is shallow, especially in the

western basin, altered wind direction and velocity severely affects the

particulate content of the water. It can be generally concluded from

these data that the majority of the particles are colloidal in size and
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that they do vary with either location or time of sailing. It will be

of future interest to learn the associations or interactions of micro­

organisms with the varying particle content. Ofcis is of Importance because

the particles can be separated in sucrose gradients (Figures 3-7) and have

been found to demonstrate a varied chemistry. In this study (figure 8)

we have concluded that different hydrocarbon pesticides may be adsorbed

or absorbed on or in different particles. Whether or not this is particle-

specific is not presently known, but the data suggests that certain

compounds can be found in association with lighter, smaller or more dense

or larger particles. This finding is interesting in light of the fact

that different particle sizes may be found in the lake as previously

discussed. It is obvious then, that the consideration of not only the

weather, but the type of particle input into the lake becomes significant

with respect to involvement in the microecology.

The presence of recalcitrant organic pollutants is increasing in the

natural environment and it has been generally conceded that the problems

are arising because of the inability of microorganisms to degrade these

pesticides, at least not at rates which prevent accumulation and serious

water or soil pollution. Examination of Figures 9 and 10 raise still

another concern as yet unexplored. Microparticles isolated ftam Lake

Erie do effect the growth of the cultures isolated from the lake. The

experiment shown here (Figure 9) demonstrates that *>,pf-DDE in low

concentration does stimulate a bacterial culture. OJie clay microparticles

themselves stimulated the growth of this culture, and the combination

11

of microparticles containing pesticide was most satisfactory in enhancing

growth• The compound endrin and the same culture had less pronounced

effects, but even there, stimulation of the cells by the washed clay and

the pesticide adsorbed clay was detected.

Hie association of these chlorinated hydrocarbon chemicals with

certain components of the colloidal particle system in Lake Erie appears

to be a significant one and deserves future study. Whether or not these

effects are widespread in the microecology also needs to be evaluated.

We have examined 151 heterotrophic bacteria isolated over a 2 year period

in the western basin of Lake Erie. The results of this study suggest that

a large percentage of these types are affected by the presence of such

recalcitrant molecules whether they utilize the compounds in some way or

not. Die important point is that they may have an effect on the microbial

microenvironment and must be considered as potentially dangerous long-term

interlopers* As pesticide-laden sediments accumulate in a lake such as

Erie, and it becomes more eutrophic, these effects will became more

prominent. How these reactions effect the primary productivity of any

body of water is of prime importance.
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TABLE 1

arginine

dextrose

M S(\ 7H

K2HPO4

xanthine

guanine

adenine

uracil

riboflavin

nicotinic acid

B-alanine

Pyridoxlne

Folic Acid

Biotin

PABA

Vitamin

6/1

1.0

10.0

O.h

k.O

2.0

0.005

0.005

0.005

0.005

0.005

0.025

0.025

0.010

0.00005

0.0001

0.005

0.000003

Sample 
111-A 
111-B 
115 
117 
Sample

111-A

111-A

111-A

111-B

111-B

115

Date 
3/21/69 
3/21/69 
5/16/69 
5/29/69 
TABLE 2 
Corrected 
No. Particles 
Location Counted 
Zone A 21,070 
Zone B 11,252 
Zone B 9,^ 33 
Zone A 6,033-9 
TABLE 3

Sample

111-B

115

117

115

117

117

Average 
Particle 
Size 
0.2** jx 
O.l^il 
0.22 u 
0.19 M 
Absolute

Particle

Range

.029M to 
7-9.M 
•039 Ji t o 
1 . 5 M 
.06l ii tO 
2.60 ji 
0.062 il tO 
2.60 Jl 
T-Statistic

29-60 
5-15 
10.35 
39-20 
29.86 
10.36 
FIGURE LEGENDS

Fig. 1. Map of western basin of Lake Brie showing areas

of 6tudy (Zone A and Zone B).

Fig. 2. Total size distribution of microparticles in sample

111B before gradient separation*

Fig. 3. Fraction of linear sucrose gradient (top) showing

the size distribution of microparticles in 11LB.

Fig. k. Fraction 2 of sucrose gradient (second from top)

showing the size distribution of microparticles in lllfi/

Fig. 5* Fraction 3 of sucrose gradient (third from top)

showing the size distribution of microparticles in 111B.

Fig- 6. Fraction k of 6ucrose gradient (fourth from top)

showing the size distribution of microparticles in 111B*

Fig* 7- Fraction 5 of sucrose gradient (bottom) showing

the size distribution of microparticles in 111B.

Fig. 8. Histogram showing the association of the pesticides

dieldrin, p,p'-DDE, endrin, heptachlor, aldrin, lindane, and o,pf-DDD

with each of four fractions from linear sucrose gradients of five

different lake water samples.

Fig. 9. Graph plotted as relative difference in growth of a

Pseudomonas sp? from Lake Erie grown in the presence of p,pf-DDE either

in pure chemical form or adsorbed to the clay kaolinite.

Fig. 10. Graph plotted as relative difference in growth of

Pseudomonas sp? from Lake Erie grown in the presence of endrin either

in pure chemical form or adsorbed to the clay kaolinite.

FIGURE LBCEND6 (CONT'D)

Table 1. Defined medium used to culture the heterotrophic

bacteria isolated from Lake Erie during the experiments.

Table 2. Show*the four water samples analyzed in this

study, their date, location, particle count, average size and absolute

particle range.

Table 3* An analysis of the four samples using the Student-T

statistic.
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